Objectives: To use statistical procedures, operationalising what is known as item response theory (IRT), to assess the unidimensionality of the 40 item Amyotrophic Lateral Sclerosis Assessment Questionnaire, and consequently to develop a single index figure from the measure. A secondary objective is to compare scores gained on the ALSAQ-40 with a five item short form (the ALSAQ-5). Methods: Postal survey of patients diagnosed with motor neurone disease (MND) on the MND Associations database. Copies of the ALSAQ-40 and, nested within it, the ALSAQ-5 were completed on two occasions. At time one, the survey contained the ALSAQ-40 and demographic questions. In addition, patients were asked to indicate if they were willing to take part in the follow up. Those who agreed to do so were sent another copy of the questionnaire after a period of three months. Respondents were also asked to indicate how much change they had experienced since baseline on each of the five domains of the questionnaire. Rasch analysis, a form of IRT methodology, was used to determine if the 40 items in the ALSAQ-40 tapped an underlying "latent trait", and were consequently measuring a unidimensional construct. The results from the ALSAQ-40 single index were then compared with those gained from the ALSAQ-5. Results: Analyses indicated that, at both baseline and follow up, all items on the ALSAQ-40 fitted the Rasch model. Consequently the 40 items were summed to create a single index. Results on this instrument were compared with those gained by summing the five items of the ALSAQ-5. Results on the instruments were found to be highly correlated. Conclusions: Evidence from the analyses suggests that 40 item ALSAQ does contain a unidimensional scale, and can, therefore be summed to create a single index. Furthermore the ALSAQ-5 closely replicates the results of the patient measure.
T he 40 item Amyotrophic Lateral Sclerosis Assessment Questionnaire (ALSAQ-40) is an instrument designed to evaluate aspects of health considered important by patients. 1 It was designed on the basis of interviews and large scale surveys of patients diagnosed with ALS and other motor neurone diseases (MND). 2 3 In its original conception the measure was designed to assess disparate aspects of health that may be adversely affected by MND, and to this end five dimension scores can be calculated. However, it has been suggested that the reduction of the number of dimensions on a health status measure reduces the number of statistical comparisons and consequently reduces the role of chance in testing hypotheses relating to health outcomes. 4 Furthermore, it has been claimed that the global impact of serious neurodegenerative diseases may mean that a single overall score is both meaningful and sensitive to change. 5 In the field of rehabilitation medicine a statistical technique called Rasch analyses has been used to determine unidimensionality, which indicates that summing items to a single index is meaningful, on a number of measures. [6] [7] [8] [9] Consequently, Rasch analysis, a statistical technique belonging to a family of such procedures known as item response theory (IRT), is used here to determine that the items on the ALSAQ-40 are tapping what is effectively a unidimensional concept, and consequently that responses to all the questions can be summed to create a single score. 10 11 IRT methodology has as its core assumption that any item will pose differing degrees of difficulty to different people in any given population. Furthermore, different items pose differing degrees of difficulty. These basic claims lead to two assumptions. Firstly, that the items constitute a hierarchy on a unidimensional concept (or so called "latent trait") and secondly that reproducibility of the item hierarchy can be achieved across test occasions, or administrations. 10 12 If these two assumptions are satisfied then it is reasonable to assume that items can be summed to produce a single index which measures, broadly, a single, unified unidimensional construct or phenomenon.
An important aspect of health status measures is also brevity. 13 Overly long instruments can take substantial time to complete, and may place unreasonable demands upon respondents, especially in instances where they may be seriously unwell, as in the case of MND. To this end standard psychometric procedures have been used to develop a five item version of the ALSAQ, the ALSAQ-5.
14 The ALSAQ-5 contains a five item subset of the original ALSAQ-40, with one item representing each dimension. The small number of items contained within this instrument means that it does not lend itself to Rasch analysis: however, if Rasch analysis can prove that a single index can be gained from the ALSAQ-40, then results gained on that single index can be compared with results gained from summing all items on the ALSAQ-5 into a single index. Using the ALSAQ-40 single index as the gold standard then the ALSAQ-5 can be assessed against it to determine to what extent it reproduces results from the longer form.
The purpose of this paper is, therefore, twofold: firstly, to demonstrate that Rasch analysis indicates that the items of the ALSAQ-40 are tapping a unidimensional construct, and can consequently be summed to a single index figure, and, secondly, to compare results on the ALSAQ-40 single index with a single index gained from summing all items on the ALSAQ-5.
METHODS
Recruitment and methods of data collection are described in full elsewhere. 15 In brief, the data presented here were gained from a postal survey conducted of all patient members of the Motor Neurone Disease Association for England, Wales, and Northern Ireland in 2000, who were listed as having had a diagnosis of MND, although this is not verified by neurological assessment. Questionnaires were completed on two occasions, three months apart. At time one, the survey contained the ALSAQ-40, demographic questions, and, in addition, members were asked to provide their name and address if they were willing to take part in the follow up survey. A reminder letter was sent to non-respondents after three weeks from the initial mailing. At follow up, the survey was sent out to all respondents who had provided their name and address at time one. In this second survey the questionnaire contained the ALSAQ and a global transition question. 16 The transition question asked respondents to judge overall change in health since the previous survey. Respondents were asked if they were "better", "about the same", "a little worse", or "much worse" than three months ago. A reminder letter and questionnaire was sent to non-responders after three weeks. Developing
Analysis plan
Rasch analyses were performed on 40 items of the ALSAQ-40 included in the dataset outlined above. Analyses were undertaken twice, once for baseline data and once for follow up data. Only respondents who had completed both questionnaires were included in the analyses. The Rasch rating scale model was applied throughout the analysis. 17 To determine whether items on the instrument could be summed to create a single summary index the data were tested for unidimensionality. Fit of the data to the Rasch model was assessed by the information weighted fit (INFIT) statistics. Items with a low or high misfit statistic are either redundant (low) or not measuring the underlying construct (high). The INFIT range used to determine fit is between 0.6-1.4: outside of these parameters and the item does not conform to the model. 11 To compare results on the ALSAQ-40 index with those on the ALSAQ-5 Spearman correlation coefficients between the two measures is calculated at baseline and follow up. Effect sizes were calculated on the basis of each of the categories of the transition item to see if the two measures give a similar indication of change. Effect sizes indicate the amount of change that has occurred between two administrations of a measure. An effect size of one indicates one standard deviation change since baseline. The effect size is calculated by subtracting the score at baseline with that at follow up, and then dividing by the baseline standard deviation. Traditionally, effect sizes of 0.8 are regarded as large, 0.5 as moderate and 0.2 as small. 18 
RESULTS
1979 MND Association members were surveyed at baseline. A total of 1093 (55.2%) questionnaires were returned. Altogether 98 (5.0%) questionnaires were returned uncompleted, of which 64 respondents had died, nine were not known at the address, eight claimed not to have MND, and eight were too ill to complete the survey. A total of 927 (46.8%) had been completed and also included name and address details in order to take part in the follow up survey. Altogether 840 (90.6%) questionnaires were returned by those taking part in the follow up, of which 764 (82.5%) had been completed. Seventy four (8.0%) of the questionnaires returned had not been completed because the patient had died since the first survey.
The final analysis is carried out on 764 people (38.6% of the original sample) who completed the questionnaires at both times. The mean age of the sample was 64.4 years (SD 11.4; range 31.3-90.9), and 492 (64.4%) were male and 272 (35.6%) female. A total of 220 (28.8%) of respondents had been diagnosed with MND for a year or less, while 470 (61.5%) of respondents had been diagnosed for three years or less. A total of 604 (79.1%) were married, and 657 (86.0%) lived with at least one other adult. Fifty six (7.3%) were currently employed. Thirty five (4.6%) lived in residential care. A total of 319 (41.8%) needed help to complete the questionnaire. Table 1 presents the Rasch analysis of the data at baseline and follow up.
The unidimensionality of a multi-item index for a given sample is partly determined by goodness of fit statistics, which is an index of how well the item calibration (expressed in logits) fits the data with respect to all of the participants in the sample. INFIT statistics are reported. As noted above, high INFIT statistics (in excess of 1.4) may indicate that an item does not fit the model well and is not closely related to the overall construct. Low INFIT statistics (<0.6) indicate that items measure redundant or overlapping content areas. 19 At both baseline and follow up INFIT statistics fell well within the values suggested for all 40 items, thereby providing evidence consistent with unidimensionality having been satisfied. This is further borne out by figure 1, which shows that "item difficulty" remained almost identical on both administrations of the questionnaire indicating item stability over time.
The 40 items of the ALSAQ-40 were then summed to create a single index, and then expressed on a scale of 0 (indicating perfect health, as assessed on the instrument) to 100 (indicating worst possible health status as measured by the instrument). The same procedure was then used for the ALSAQ-5. Scores for the two measures were found to be very highly correlated (intraclass correlation coefficient =0.95; 95% CI 0.94 to 0.96 at baseline, and 0.96; 95% CI 0.95 to 0.97 at follow up). Descriptive statistics for the two instruments are shown in table 2.
Overall mean scores were found to be significantly, but not meaningfully different. Thus scores on the ALSAQ-5 replicated those on the ALSAQ-40 to within one or two points: such differences are unlikely to have any clinical or subjective importance. Scores on both instruments were then broken down by responses to the transition item asked at time 2. Because of the very small numbers responding that their health had improved this group was omitted from the analyses. Table 3 shows the results.
Effect sizes indicated that the two measures provide a very similar picture of change. Furthermore, the results indicate that small effect sizes indicate meaningful differences in this patient group.
DISCUSSION
This paper has reported the development of a summary index score from the five domains of the ALSAQ-40. The results would suggest that many aspects of health status are influenced by the disease at the same time, and the impact is a global one. Similar results have been found for other disease specific measures in neurodegenerative diseases. 5 The results of the Rasch analysis would also suggest that patients progress across this continuum: the very fact the data present as a unidimensional construct would suggest that some items are "harder" than others and these reflect later aspects of the disease progression.
Initial development of the ALSAQ-40 suggested MND has adverse effects upon distinct aspects of patients lives. However, the analyses reported here would suggest that all these areas are influenced by the disease in unison, and so a global impact of the disease can also be represented by the ALSAQ-40 by summing the domain scores to a single index figure. The main advantages of presenting data in an index are that it permits for simple representation of data and reflects the global impact of the disease on health status and quality of life. However, the index is not intended as a replacement to the five dimension scores that can be derived from the instrument: manifestly, if a trial is designed to assess the impact of, for example, antidepressants on emotional functioning then the primary ALSAQ outcome variable on the ALSAQ would be the Emotional Functioning domain.
Instruments with what may seem a modest number of items to someone in perfect health can present a considerable challenge for people who find writing and movement difficult, or, indeed, impossible. Consequently, brevity is to be sought whenever possible in the design and implementation of health status measures. The evidence provided here suggests that the ALSAQ-5 index provides a similar picture of overall health status, and change in health status, to the ALSAQ-40. Furthermore, the results also indicate that effect sizes of about 0.15 reflect a "minimally important difference" 15 20 in terms of deterioration. That is, they reflect a change in health that is a subjectively small but adverse deterioration as stated by patients themselves. Put another way, patients who reported at follow up that their overall health had got a little worse since baseline had ALSAQ-40 and ALSAQ-5 scores that had changed by about 0.15 of a standard deviation since baseline: any larger would indicate severe negative deterioration from the perspective of the patient. Traditionally, larger effect sizes were sought to indicate such a meaningful difference, 19 but did not take into account the operating characteristics of any particular measure. Consequently, the information provided here is likely to be useful to those calculating sample sizes for trials and longitudinal surveys of patients with MND in which the ALSAQ measures are to be used.
Ideally studies would include the ALSAQ-40 over the ALSAQ-5 as this is the gold standard instrument, and the ALSAQ-5 does not identically replicate the results from the parent measure. Shorter form measures, by their very nature, lack the measurement precision of longer instruments. However, longer measures are not always practicable, and the scores gained on the ALSAQ-5 are so similar to those of the ALSAQ-40 that it is likely to be a useful alternative in large scale surveys.
In conclusion, results from both of the ALSAQ measures can be presented in the form of a summary index of overall health. The similarity between results on the two versions of the ALSAQ index would suggest that in studies where the ALSAQ-40 is deemed as impracticable or inappropriate to use then the ALSAQ-5 may be a practicable and valid alternative.
Copies of the instruments and a User Manual are available from CJ.
